
Selection of Variables and 
Functional Forms for 
Multivariable Models
Georg Heinze

for Topic Group 2 of the STRATOS initiative

Center for Medical Data Science - Section for Clinical Biometrics

Georg Heinze

1



TG2: Regression modeling – what‘s important?

• We assume ‚homework‘ has been done:

• Initial data analysis (TG3)

• Missing values, univariate X, multivariate X, keep outcome Y separate!

• Reasonable model class was chosen

• Linear, binary, multinomial, censoring, …

• Which variables to include?

Driven by the interpretation of the model as:

• Description

• Prediction

• Causal explanation

• How to specify how to model continuous variables (the ‚functional form‘)?
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Model building and modeling aims
• Description:

• Just X and Y: understand how Y is associated with X‘s

• Simple: make general, widely valid statements about these associations

• Often misspecified ‚by intention‘

• Prediction:

• Transparent: formula-based predictions can be explained

as/decomposed in contributions of X‘s

• Simple: model is more easily applicable with few variables

• Misspecification may lead to locally biased predictions and poor calibration

• Explanation (causal inference):

• Main concern: correct adjustment for confounders

• Misspecification leads to biased effect estimate

• Simplicity not ultimately needed; may reduce variance
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Galit Shmueli, 2010, Statistical Science



Traditional and modern methods of variable selection
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• Univariate selection 𝛼𝛼 = 0.05, 0.1, 0.2, …

• Forward selection 𝛼𝛼 = 0.05, 0.1,𝐴𝐴𝐴𝐴𝐴𝐴, 0.2, …

• Backward elimination 𝛼𝛼 = 0.05, 0.1,𝐴𝐴𝐴𝐴𝐴𝐴

• Change-of-estimate based ∆𝛽̂𝛽 = 5%, ∆𝛽̂𝛽 = 10%

• Augmented backward elimination* 𝛼𝛼 = 0.157, 𝜏𝜏 = 0.05

• Lasso 𝜆𝜆 selected by AIC, 𝜆𝜆 cross-validated

• In practice often a combination, e.g. univariate + backward: 
‚From the variables that were associated with Y in univariate models (Table 2), 

XX and XY were kept as independent predictors in the model…‘

*Dunkler et al, 2014



Role of (algorithmic) variable selection vs. prespecification

• Descriptive models

• Prespecify – if we want to describe the data in that way

• Variable selection – to identify the main associations (‚remove noise‘)?

• Prediction models

• Prespecify – predictors chosen based on availability, costs, accuracy, reliability, …

• Variable selection – to decrease prediction error by removing noisy inputs?

• Explanatory models

• Prespecify – select confounders based on strong assumptions (positivity, DAGs, …)

• Variable selection – to decrease MSE of estimator?
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Misuse of variable selection
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• Don‘ts:

• Perform excessive data exploration (check associations of X‘s with Y)

• Variable selection algorithms are a cascade of such exploration steps!

• Poor reporting of what you‘ve done

• Report final model as if it was prespecified (low standard errors)

• Misinterpret results

(‚X was not selected  X is not a predictor of Y‘)



Consequences of
variable selection

• The probability of false selections is

quite high (multiplicity, sequential testing,

sampling variability, …)

• Simulations and resampling suggest that

the ‚true‘ Data Generating Model can hardly

be identified.
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TG2 VS Workshop: interactive display of simulation results
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Workshops: 
• ROeS 2021
• Münster 2022
• Maastricht 2023
• Berlin 2023

Currently, study is revised
and manuscript prepared
(Dunkler, Ullmann, Heinze)



Nonlinear modeling, NHANES: 
Mean BMI by age (95%CI for means per year of age)

9

Main question:

How far are differences between
adjacent age groups due to a trend
or due to random sampling variations?

 how to separate
systematic changes
from
unsystematic variation?
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Piecewise constant
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Select a cutpoint

Fit a flat line left and right
from the cutpoint
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Piecewise constant - 4 groups
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Piecewise constant - 4 groups
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That‘s for
categorizing

continuous data!

C‘mon, 
everybody
does that!

SLAP!



Fit with linear B-splines (knots at 30, 50, 70)
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Fit with linear B-splines (knots at 35, 50, 65)
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Fit with polynomial of degree 3
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Fit with fractional polynomials
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𝑎𝑎 = age/100
First power: log(𝑎𝑎)
Second power: 𝑎𝑎3



Fit with natural splines (knots at 25, 35, 50, 65, 75)
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4 parameters
(= #knots -1)
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Fit with natural splines (knots at 35, 40, 52, 65, 75)
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4 parameters
(= #knots -1)
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Fit with natural splines (knots at 22, 28, 36, 50, 75)
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4 parameters
(= #knots -1)
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Fit with natural splines (knots 20, 30, 40, 50, 60, 70, 80)
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6 parameters
(= #knots -1)

Center for Medical Data Science - Section for Clinical Biometrics

Georg Heinze



Which type of spline to choose?
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• How many knots?

• Where should I place the knots?

• Other type of splines (P-splines, thin plate, cubic B-splines, …)?

• Splines or fractional polynomials?

•  important to provide guidance based on evidence

• TG2 studies under way:

• How to compare different nonlinear estimators? (Dunkler)

• Comparative performance of different nonlinear estimators (Dunkler)

• Use of nonlinear estimators in multivariable context (example analyses) (Perperoglou)
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Splines - a brief overview of regression packages in R

Package Downloads Vignette Book Website Datasets
quantreg 5099669 X X 8
survival 3511997 X X 38
mgcv 3217720 X X 2
gbm 668984 X 0
VGAM 662399 X X X 50
gam 459497 X X 4
gamlss 210761 X X X 43
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A learning tool:

• TG2 project P1:

The shiny app

‚Bend your (sp)line‘:

• Workshop!

• Manuscript in preparation
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Review of guidance papers

• We identified 23 series including 57 topic-relevant articles. Within each article, two 
independent raters analyzed the content by investigating 44 predefined aspects on 
regression modeling.

• Some papers could be recommended
e.g. Nature Methods series

• Template of identifying the series could be used by other TGs as well!

2020 2021
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Literature review Covid 19
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• Selection of variables and functional forms in the context of prediction models for

Covid-19 (Project led by Michael Kammer)

• Describe practice of model building when models were urgently needed

Variable selection?

Nonlinear functions
considerd?



Needed:

• Review,
• Applications,
• Neutral simulation studies,
• Recommendations.
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Our list of projects (March 2023)
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• P1           Level1 material                         Heinze 

• P2           Splines vs. FPs, multivariable      Perperoglou, Sauerbrei

• P3           Measurement error Perperoglou (talk) with TG4

• P4           Lit. review 1                                   Abrahamowicz

• P5           Lit. review 2 Covid Kammer/Heinze

• P6           Bayesian Var Sel tbd

• P7           IDA for regression Heinze (talk Baillie) with TG3

• P8           Splines, comparative study Dunkler

• P9           Model instability (Level 1)             Thompson/Perperoglou

• P10         White paper: prediction modeling Perperoglou with TG6 and TG9
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